ABSTRACT The efÞcacy of a photostable formulation of methoprene and two photostable juvenoids, fenoxycarb and pyriproxyfen, and their residual activity in inhibiting the emergence of adult cat ßeas, Ctenocephalides felis (Bouché ), was studied in topsoil. Nursery pots composed of clay, peat, and plastic, and wooden ßats were used to hold soil samples. Treated soil samples were exposed to sunlight during the 63-d study period. Methoprene was as effective as fenoxycarb and pyriproxyfen against cat ßeas for up to 42 d in clay, peat, and plastic pots at a concentration of 64.56 mg (AI)/m 2 (6 mg [AI]/ft 2 ), but its activity declined signiÞcantly thereafter. In contrast, fenoxycarb and pyriproxyfen showed strong residual activity for the entire 63 d. The activity of methoprene declined even more rapidly over time in wooden ßats, while at the same concentrations the other two juvenoids showed signiÞcant residual activity for 63 d. Clay, peat, and plastic pots were therefore considered to be equally effective for evaluating the outdoor efÞcacy of juvenoids in comparison to the wooden ßats. However, results obtained with wooden ßats may be more realistic when testing residual activity of volatile chemicals such as methoprene. Fenoxycarb and pyriproxyfen showed strong efÞcacy and residual activity at concentrations of 8.07, 16.14, and 32.28 mg (AI)/m 2 , whereas methoprene did not cause a signiÞcant reduction of adult emergence at levels below 64.56 mg (AI)/m 2 . LC 50 values for methoprene, fenoxycarb, and pyriproxyfen needed for preventing ßea emergence when applied to topsoil were estimated to be 0.643, 0.031, and 0.028 ppm, respectively.
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Methoprene (isopropyl 11-methoxy-3, 7, 11-trimethyl-2, 4-dodecadienote), a registered juvenoid for indoor ßea control, effectively prevents the maturation of ßea larvae and inhibits adult emergence (ElGazzar et al. 1986) . It also has ovicidal activity against cat ßea eggs (Olsen 1985) . However, because of its instability in UV radiation, few attempts have been made to test methoprene for outdoor control of the cat ßea.
Other chemicals that exhibit juvenile hormone type activity also have been evaluated for use against cat ßeas. These compounds include fenoxycarb (ethyl [2-(4-phenoxyphenoxy) ethyl]carbamate) and pyriproxyfen (2-[1-methyl-2-(4-phenoxyphenoxy) ethoxy] pyridine). Both show strong larvicidal and ovicidal activity against cat ßeas (Marchiondo et al.1990, Palma and Meola 1990 ). Pyriproxyfen, which was previously tested against cat ßeas in home yards, killed over 90% of ßea larvae for at least 21 d (Palma and Meola 1990) .
The current study was conducted in 1992 to evaluate the efÞcacy and residual activity of Altosid, a photostable formulation of methoprene supplied by Zoecon (Dallas, TX); fenoxycarb (Torus) (MAAG Chemical, Vero Beach, FL); and pyriproxyfen (Nylar) (MGK, Minneapolis, MN) against cat ßeas in topsoil under conditions which were similar to pet resting areas in home yards. Different containers were used to hold the soil samples so that container type could be evaluated along with the efÞcacy of the test compounds.
Materials and Methods
Test Insects. The ßea colony was established from ßeas obtained from Zoecon Corporation in 1987. To obtain eggs, adult ßeas were fed on cats maintained at the Laboratory Animal Resources and Research Facility on the Texas A&M campus. Eggs were collected daily from trays placed beneath the cat cages and taken to our laboratory at the Center for Urban and Structural Entomology. Larvae were reared in a mixture of 6 g dried deÞbrinated bovine blood, 23 g ground cat chow, and 310 g no. 4 sand in a rearing room maintained at 25ЊC, 70 Ð 80% RH, and a photoperiod of 14:10 (L:D) h.
Chemicals. The three juvenoid formulations used in this study were as follows: Altosid (methoprene, 5% EC), slow release formulation; Torus (fenoxycarb, 24.37% EC); and Nylar (pyriproxyfen, 10% EC). All compounds were applied as water emulsions. They were prepared with distilled water and applied immediately after preparation.
Efficacy and Residual Studies. EfÞcacy and residual studies in which ßea larvae were exposed to residues of juvenoids were done as three experiments: Experiment 1. Three different types of nursery pots (Ϸ5.7 cm diameter), Þlled with sandy loam topsoil, were used to evaluate the activity of juvenoids. The pot types were standard terra-cotta clay pots, Jiffy (sales@jiffyproducts.com) peat pots, and standard Kord (sales@kord.ca) plastic pots. After sifting the soil through 0.5-cm mesh hardware cloth to remove stones and clumps of soil, each container was Þlled with sandy loam topsoil to a depth of Ϸ5 cm.
Experiment 2. In addition to nursery pots, wooden ßats measuring 60 by 60 by 7 cm with 1-cm pine board sides and plywood bottoms were also used for soil tests. Each ßat was Þlled to a depth of 5 cm with soil and the soil was sprayed with water 1 d before beginning the test so that it would form a compact cake to enable removal of intact soil samples. For experiments 1 and 2, 64.56 mg (AI)/m 2 of juvenoids were applied at the rate of 0.81 liters/m 2 1 d later. Controls were treated with water without juvenoids. Experiment 3. Three lower concentrations of each juvenoid also were assessed for efÞcacy and residual activity using soil-Þlled plastic pots. Concentrations were as follows: 8.07 mg (AI)/m 2 (0.208 ppm), 16.14 mg (AI)/m 2 (0.413 ppm), and 32.28 mg (AI)/m 2 (0.826 ppm). Spray dilutions were applied at the rate of 0.81 liters/m 2 . Spray dilutions were prepared for application to a 1-m 2 treatment area. Pots were arranged in a plastic carryall (25.4 by 50.8 cm) and placed in the center of the spray area. Spray was applied in an even back and forth pattern with a 3.7-liter compressed air sprayer. The spray application covered the entire 1-m 2 area at least 19 times. Wooden ßats were sprayed in the same manner as the pots. After treatment, the carryall and the wooden ßats were moved outdoors to a partially covered platform with an eastern exposure that admitted direct sunlight on the treated samples during the morning hours. This arrangement was somewhat analogous to ßea habitats in yards that are usually shaded in the heat of the day. Pots containing the treated soil samples were elevated above the ßoor by placing the pots in wooden trays supported on a framework of pine planks, which prevented the pots from being blown over by strong winds and made them easier to cover during rainstorms that might wash the soil from the pots. Pots and wooden ßats were covered whenever rain or thunderstorms were predicted.
Sampling. Soil samples were collected at intervals after treatment by randomly selecting pots from the trays. Samples were taken from the wooden ßats by a core sampler that measured 2.54 cm high by 5.08 cm in diameter. For experiments 1 and 2, four samples were bioassayed for each treatment after 1-d and for 9-wk (63-d) intervals. For the third experiment, Þve samples of each juvenoid concentration were bioassayed after 1 d and at weekly intervals for 42 d after treatment. Water-treated controls also were bioassayed at each time interval.
Bioassay of Samples for Juvenoid Activity. Both the pots containing the treated soil samples and the core samples from the wooden ßats were placed in 10 ounce Solo (Solo Cup, Chicago, IL) cups for bioassay. One gram of larval diet and 20 second-or early thirdinstar ßea larvae were added to each sample. Samples were covered with nylon organdy and placed in an environmental chamber maintained at 25ЊC and 70 Ð 80% RH for 30 d to allow time for adults to develop. Adult emergence was determined as the percentage of adult ßeas that emerged from each sample. The percentage reduction of adult emergence in each sample was used as the criterion for juvenoid activity.
Statistical Analysis. Data were analyzed using the Statistical Analysis System (SAS) version 6 (SAS Institute 1986). Analysis of variance was used to detect signiÞcant differences due to juvenoid activity and type of pots. Statistical differences among means were separated with Fisher least signiÞcant differences (LSD) at a probability level of P Յ 0.05. Before analysis, AbbottÕs formula was used to adjust for the mortality of ßeas in the controls.
Experiment 4. Establishment of LC 50 Values for Methoprene, Fenoxycarb and Pyriproxyfen in Topsoil. To estimate LC 50 values for the test juvenoids in soil, ßea larvae were exposed to Þve concentrations of each juvenoid: 1, 0.1, 0.01, 0.001, and 0.0001 ppm. Because methoprene had little effect at these concentrations, additional concentrations of 0.02, 0.5, and 10 ppm were used for methoprene only. Twenty-Þve grams of soil was placed in each 10-oz Solo plastic cup, and 0.5 ml of each dilution was added to each sample to obtain the appropriate concentration. Each plastic cup was covered with a lid and shaken to mix the sample thoroughly. After removing the lids, treated samples were dried overnight in a hood. Each sample was replicated Þve times. Twenty, second instars were added to each replicate and reared to the adult stage as described earlier. Water-treated soil samples were included as controls. The concentration of juvenoid required to inhibit 50% of adult emergence of the cat ßeas was expressed as the estimated LC 50 value. Data were analyzed by probit analysis (Finney 1971 ) to obtain LC 50 values, slopes, and 95% CL.
Results
Efficacy and Residual Activity of Juvenoids at 64.56 ng (AI)/m 2 in Clay, Peat, and Plastic Pots (Experiment 1). Results revealed that fenoxycarb and pyriproxyfen remained active throughout the 63-d test period killing nearly all of the test ßeas in the clay (Fig.  1) , peat (Fig. 2) , and plastic (Fig. 3) pots. The effectiveness of methoprene, however, declined signiÞ-cantly by 49 d and after in the clay and peat pots, and by 56 d in the plastic pots (P Յ 0.05). There was a signiÞcant difference in the percentage reduction of adult emergence between the control and juvenoidtreated samples for all pot types and all compounds.
No consistent difference in ßea survival was observed in the water-treated controls throughout the study period regardless of the type of pot used (Table  1) . Differences observed in the controls on days 21 and 56 were probably due to biological variation and not to the type of pot. Likewise, pot type did not appear to affect the activity of fenoxycarb and pyriproxyfen. All of the fenoxycarb-and pyriproxyfen-treated soil samples in clay, peat, and plastic pots caused a similar reduction in the emergence of adult cat ßeas. Methoprene-treated soil samples in peat pots, however, were less effective inhibitors of adult emergence than samples in clay or plastic pots (Fig. 2) .
Efficacy and Residual Activity of Juvenoids at 64.56 mg (AI)/m 2 in Wooden Flats (Experiment 2). In wooden ßats, methoprene showed a gradual decline in residual activity over time compared with fenoxycarb and pyriproxyfen (Fig. 4) . Residuals of methoprene were only as effective as fenoxycarb and pyriproxyfen in reducing adult emergence at the 1-d interval, and after 42 d no longer caused any signiÞcant reduction Table  3 . The LC 50 of methoprene was Ϸ20-fold higher than that of fenoxycarb and pyriproxyfen.
Discussion
Bioassay of soil treated with IGRs revealed that all three test compounds caused a signiÞcant reduction in the emergence of adult cat ßeas compared with watertreated controls. In soil protected from rain, juvenoids persisted for at least 63 d and were highly effective growth regulators for control of cat ßeas. Fenoxycarb and pyriproxyfen were especially effective in this regard and showed little change in activity for the entire test period at doses ranging from 8.07 to 64.56 mg (AI)/m 2 . In comparison, methoprene, ranging in concentration from 8.07 to 32.28 mg (AI)/m 2 , was significantly less effective in reducing adult emergence. Therefore, methoprene must be applied at relatively high concentrations (64.56 mg [AI]/m 2 ) to persist in the soil for as long as fenoxycarb and pyriproxyfen. As a result, it is unlikely that methoprene would be competitive with either fenoxycarb or pyriproxyfen for the outdoor control of cat ßeas. In February 1996, Ciba Crop Protection, which had previously merged with MAAG, voluntarily suspended the sale of fenoxycarb for home use after United States Environmental Protection Agency discovered that laboratory mice formed tumors at a higher than normal rate when exposed to high concentrations of fenoxycarb. Although fenoxycarb apparently was safe to use as registered, Ciba decided to devote their efforts toward developing other products. Thus, pyriproxyfen remains the insect growth regulator (IGR) of choice for outdoor use.
Nursery pots provided more consistent results than wooden ßats for testing juvenoid activity. This consistency was likely due to the fact that the soil was not disturbed in the pot during bioassay. Core sampling tended to disrupt the integrity of the soil, especially in dry soil in wooden ßats. This disturbed the residue of juvenoid within the sample and appeared to dilute the concentration of juvenoid near the surface where the larvae fed. Nevertheless, the wooden ßat procedure may provide more realistic results in terms of predicting the residual activity of juvenoids for ßea control in yards. Yard tests are conducted with the same type of core samples as those taken from wooden ßats and thus are likely to be directly comparable in bioassay tests. Clay 88a 82a 83a 90a 85a 88a 93a 83a 74a 89a Peat 83a 80a 94a 78b 88a 89a 89a 79a 86ab 78a Plastic 88a 86a 88a 96a 99a 95a 94a 84a 98b 91a
Means shown above were determined from four replicate samples of 20 ßeas each.
a Mean percentage followed by the same letter within a column are not signiÞcantly different (P Յ 0.05; FisherÕs LSD test). Neither nursery pot nor wooden ßat tests appeared to be particularly accurate in predicting the residual activity of juvenoids when the data were compared with an actual yard test for pyriproxyfen. Palma and Meola (1990) reported that 32.23 mg (AI)/m 2 of pyriproxyfen applied at the rate of 0.82 liters/m 2 persists in home yards for only 21 d, whereas in the current study, it persisted for at least 63 d in dry soil. This discrepancy may be because soil samples in the current study were protected from rainfall. Leaching and other factors such as degradation by soil organisms may limit the residual activity of juvenoids in wet soil. Therefore, different results may have been obtained if water had been applied. Hinkle (1992) studied the persistence of IGRs outdoors in sandy soil in plots that were partially protected from exposure to sunlight and rain. Pyriproxyfen (0.0008%) and fenoxycarb (0.045%), applied at the rate of 0.204 liters/m 2 , gave signiÞcant control for 20 wk while higher doses of pyriproxyfen (0.0016%) and fenoxycarb (0.0625%) gave 44 wk of control. In contrast, the Precor formulation of methoprene was effective for only 1 d after treatment, and by 4 wk, its results were not signiÞcantly different from the controls. It was not speciÞed in this study how much rain exposure these partially protected plots had actually received.
To examine the effect of rainfall on the persistence of IGRs, two additional studies testing formulations of fenoxycarb and pyriproxyfen on ßea survival in sandy loam topsoil were conducted. The procedures followed were primarily as described in the current study except that simulated rainfall was provided by spraying the pots weekly or biweekly with distilled water at the rate of 7.6 cm of rain/6.5 cm 2 soil/mo. In the Þrst study, one formulation of fenoxycarb (Torus 2E at 0. Marchiondo et al. (1990) , fenoxycarb not only inhibits the larval or pupal molt but also disrupts and damages the midgut of the treated ßea larvae. Pyriproxyfen is also toxic to other stages of the cat ßea. Meola et al. (1996) reported that adult ßeas died when exposed to treated dog hair for 7 d because pyriproxyfen destroyed the midgut epithelial, fat body and salivary gland cells causing the breakdown of internal tissues. In addition, developing eggs are killed due to reabsorption of yolk, degeneration of the nucleus, and lysis of the follicular epithelium. Ten-minute exposure of ßea eggs to pyriproxyfen early in embryogenesis is often lethal to larvae that hatch from the eggs 3 d later. Two-hour exposure, however, causes embryocidal effects (Meola et al. 1993) . Larvae of untreated ßeas die after feeding on fecal blood excreted by pyriproxyfentreated ßeas (Meola et al. 2000) . Miller et al. (1999) showed that adult ßeas that are exposed to methoprene, pyriproxyfen, and fenoxycarb as pupae have higher mortality rates than controls with mortality being especially high in females during the Þrst 48 h of blood feeding.
The 20-fold increase in toxicity of fenoxycarb and pyriproxyfen compared with methoprene suggests that the Þrst two compounds may have similar modes of action on ßea larvae. Hinkle (1992) , however, found no signiÞcant difference in LC 50 values when ßeas were reared in vials treated with methoprene, fenoxycarb, and pyriproxyfen. W. A. Donahue, Sierra Research Laboratories, Modesto, CA (personal communication) estimated LC 50 values for methoprene and pyriproxyfen in sand to be 0.001 and 0.0029 ppm, respectively. In larval rearing media, Kobayashi et al. (1994) estimated values of 0.0003 for methoprene and 0.00017 ppm for pyriproxyfen, and ElGazzar et al. (1986) estimated LC 99 values of 0.01 for methoprene and 0.02 ppm for fenoxycarb. In this study, however, the LC 50 values for juvenoids in topsoil were much higher: 0.643 for methoprene; 0.031 for fenoxycarb; and 0.028 ppm for pyriproxyfen. Juvenoids may bind to clay particles or to organic matter in soil and not be in contact with the larvae. Sand, however, is relatively inert and evidently does not affect juvenoid activity. It is apparent that LC 50 and LC 90 data should be obtained for local soil types before the use of juvenoids is recommended for a given area.
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